Common carp is the most important freshwater fish in aquaculture in Republic of Serbia. Excess fat deposition in the meat and abdominal cavity of farmed carp can affect carp flesh quality, dressing percentage and consequently restrict the further development of aquaculture production. The reasons for lipid deposition in carp flesh and around visceral organs are not well known, and it is important to develop method which would enable us to understand process which occurs in common carp lipid cells. The aim of this study was to establish a new model of common carp preadipocytes and evaluate proliferation and differentiation capacity of carp preadipocytes in vitro. The establishment of the cell culture of preadipocytes of common carp could serve as a valuable tool for studying fat metabolism in this fish species.
INTRODUCTION
Moreover, accumulation of fat in carp flesh leads to decreasing dressing percentage , and creating prejudice that carp is fatty fish and consequently restrict the further development of aquaculture production. However, it is not yet clear how to overcome the surplus fat content in carp meat. The reasons for lipid deposition in carp flesh and around visceral organs are not well known, and it is important to develop method which would enable us to understand process which occurs in common carp lipid cells. Furthermore, it is of major importance to develop methods to prevent excessive fat deposition in reared common carp in order to strengthen the sustainability of the aquaculture industry. Green and Meuth (1974) and Green and Kehinde (1975) were introduced the first immortal line of preadipocytes. Such cell lines have provided valuable information in the field of adipocyte biology and many biological experiments have been performed with immortalized cell lines, since these are commercially available and can be expanded without limitation. These cell lines present a homogenous cell population and can be carried in culture indefinitely. However, such cell lines may differ from cells in vivo in many important viewpoints. Cells that are cultured directly from animal tissue are known as primary cells. Fully differentiated primary cells can be kept in culture for a short time, while unspecialized primary stem cells can be kept in culture for longer periods. However, the function and development of primary cells in culture offers a more relevant model for the in vivo situation than immortalized cell lines, but working with primary cells in culture presents numerous challenges, including the requirement for unique cell supplements and growth conditions. According to our knowledge, there are no data related to the culture of cells isolated from adipose tissue of common carp. The aim of this study was to establish a new model of common carp preadipocite and evaluate proliferation and differentiation capacity of carp preadipocytes in vitro. The establishment of the cell culture of preadipocytes of common carp could serve as a valuable tool for studying fat metabolism in common carp.
MATERIAL AND METHODS
Five specimens of two-year-old marketable common carp, average weight 2500 g were obtained from the largest Serbian fishpond "Eĉka", with semi-intensive production system. The carp were reared on natural food and supplementary diet of extruded feed. Insulin (recombinant human Z), triiodothyronine (T3), dexamethasone, isobutylmethylxanthine (IBMX), troglitazone, transferrine, linoleic (LA) and oleic acid (OA), and nylon filters 250/100 were a generous gift from Dr. Marijana Todorĉević.
The growth medium was prepared and it contained 87% L-15; 1% HEPES; 1% amphotericin B; 1% Penstrep and 10% FBS.
Differentiation-inducing medium (DM) was prepared and contained growth medium supplemented with 20 μg/ml insulin; 10 nM T3; transferrine; 1 μM dexametasone; 25 μM IBMX; troglitazone; LA and OA.
Common carp preadipocytes were isolated as described by Vegusdal et al. (2003) and Todorĉević et al. (2008) for Atlantic salmon with small changes. Five live carp marketable size were carried from fish pond Eĉka to laboratory of Scientific Veterinary Institute "Novi Sad". The arch bows of the gill were cut. After that, the carp were bled for a couple minutes, and then killed by a blow to the head. The abdomen was carefully cleaned with a cotton swab and alcohol to remove mucus and other impurities, and then the fish were carefully eviscerated. Visceral adipose tissue was carefully cut out, avoiding cross-contamination with the intestinal contents, and then weighted. From one of the carp was not possible to get adipose tissue, most likely due to the time of year (spring). The fat depots were probably depleted during the winter. A total amount of obtained adipose tissue was 22 g. All further operations were performed inside a vertical laminar air flow cabinet. The dissected adipose tissue was washed with L-15, to carefully remove visible blood and transferred into tubes (50 mL) with L-15 and centrifuged at 1250 rpm for 5 minutes and after that transferred into clean tubes with L-15, then minced, and digested in 0.2% trypsin solution at room temperature for 1 h under manually shaking. In order to remove large particle of tissue, blood cells and to obtain a homogenous culture of preadipocytes, the digested tissue suspension was subsequently filtered through 250 and 100 µm nylon filters and washed with L-15. The obtained cell suspension was centrifuged at 2000 rpm for 10 minutes. Preadipocytes were pelleted at the bottom of tube and the buoyant fat layer with mature adipocytes and the digestion medium were removed carefully by aspiration. After washing twice, the obtained pelleted cells were resuspended in growth medium and seeded onto four cell culture flasks. The cells were kept at 23 °C, a temperature close to the average water temperature which is the optimum for growth of common carp. The growth medium was changed every other day. Cells in culture were observed with a Zeiss light microscope and digital images were captured daily. Morphology of the cells was observed in primary culture over a period of 12 days. After ten days in culture, preadipocytes reach confluence. One part of confluent preadipocytes was differentiated in an initial differentiationinducing medium. The other part was split. The culture of preadipocytes was split by dispersing the cells with 2 mL trypsin for 10 minutes at 23 °C. After addition of GM, subcultures were divided into two flasks.
RESULTS AND DISCUSSION
After seeding, the isolated preadipocytes of common carp were small with a cytoplasm devoid of lipid droplets and morphologically very similar to fibroblasts, they started to attach and growth the first day ( Figure 1 ).
Mass attaching and growth of the cells were observed on the third day ( Figure 2) . Then, the cells proliferated exponentially and resembled fibroblasts.
A large increase in the number of cells was observed between days 6 ( Figure 3 ) and 10, and the cells arrived at a confluence by the tenth day (Figure 4 ).
At confluence, the growth medium was replaced by a differentiation-inducing medium in two culture flasks. The cells responded rapidly, becoming more rounded in shape, and many lipid droplets of different sizes appeared in the cytoplasm already after two days which is probably a consequence of the regulation of contractile proteins as described by Todorĉević et al. (2008) . The other part of confluent preadipocytes was split and it was observed that cells started to attach and growth in monolayer. The adipose tissue of fish is composed of adipocytes with a large variation of diameters as established for common carp (Fauconneau et al., 1995) ; Atlantic salmon (Zhou et al., 1996) and rainbow trout (Albalat et al., 2005) . The presence of adipocytes of different sizes shows that growth in adipose tissue is the result of both hypertrophy (increase in cell size) and hyperplasia (increase in cell number) (Weil et In this study, carp cells were maintained at 23 °C, while grass carp preadipocytes were incubated at 28 °C (Li, 2012) and Atlantic salmon preadipocytes were maintained at 13 °C (Vegusdal et al., 2003 ; Todorĉević et al., 2008). The differences of culture temperature between the preadipocytes of different fish species are related to the environment that the fish live in. It is known that common cap and grass carp live in warm water, while Atlantic salmon lives in cold water. In this trial, preadipocytes of common carp reach confluence after ten days in culture, which is in agreement with observation of Li (2012) . On the other hand, Todorĉević et al. (2008) reported that the preadipocytes of Atlantic salmon reach confluence after seven days in culture, which leads to the conclusion that there are differences between different species of fish in mole- cular mechanisms governing adipocyte differentiation and physiology. Based on the above mentioned facts, it can be observed that there are differences in morphology and growth of preadipocytes between different species of fish, and the data obtained for one species may not always be appropriate and cannot be applied to other fish species. This indicates the importance of establishing primary cultures of common carp preadipocytes, especially when we take into account that this species is economically the most important in our country and also is one of the most common species worldwide. This is the first described establishing a primary cell culture of common carp preadipocytes, which represents a major contribution to modern aquaculture. Todorĉević et al. (2010) showed that high dietary levels of n-3 highly unsaturated fatty acids (HUFAs) reduce the fat levels in the visceral adipose tissue of Atlantic salmon in comparison to fish fed vegetable oil diets and this findings were in agreement with the in vitro observations (Todorĉević et al., 2008) which showed that oleic acid leads to higher lipid accumulation in Atlantic salmon adipocytes in culture than eicosapentaenoic (EPA) and docosahexa-enoic (DHA) fatty acids. Also, mitochondrial fatty acid β-oxidation activity was higher in the fish oil group than it was in the rapeseed oil group. The above mentioned results indicate the importance of in vitro cell cultures of preadipocytes in investtigations of the effects of different nutrients on biochemical processes in the body of fish. It has been shown that the use of an in vitro system has a great potential as the method for testing feed products and understanding cellular and molecular events in fish body.
CONCLUSIONS
The present results indicate that the convenient and efficient in vitro system is established and it will be important for future studies of biochemical and mole-cular processes that occur during adipogenesis in common carp. An improved understanding of cellular and molecular events occurring during development of fat tissue in carps will enable us to better characterize and define particular requirements, customize feed components, and thus enable development of sustainable feeds, minimize the occurrence of nutritional disorders. Cell cultures provide means to study single-factor effects and the combinations thereof in detail, and further, to investigate the role of particular nutrients and their specific gene interactions, which are not possible when working at the organism level. In addition, whole organisms are complex and vary individually, depending on age, sex, health status, type of meal, genetics etc., which makes it difficult to accurately simulate nutritional processses. In vitro experiments will offer the opportunity to develop standardized methods to study quality of novel and already used feed products by studying the cellular and molecular effect of different types of food products, ranging from proteins to fatty acids and from fat-soluble vitamins to minerals and trace elements as well as of functional feeds such as probiotics, prebiotics and antioxidants. An improved knowledge of the underlying molecular events that regulate the differentiation process of preadipocytes to adipocytes in common carp (Cyprinus carpio) may open new avenues for the prevention of excessive storage of lipids in this important aquaculture species.
АCKNOWLEDGEMENTS
This paper is a result of the research within the project TR31011 "Uticaj kvaliteta komponenata u ishrani ciprinida na kvalitet mesa, gubitke i ekonomiĉnost proizvodnje (The influence of the quality of the components of food for cyprinid fish species on the quality of meat, losses and the profitability of production)", financed by the Ministry of Education, Science and Technological Development, Republic of Serbia.
